important to investigate stepwise, the cervical arterial stenoses which cause severe ischemic retinopathy.
Eighty-one patients with Takayasu's disease treated by the authors were separated into three classes with special reference to the four cervical arterial stenoses, evidenced by serial aortography. The relationship among the degree and extent of the arterial lesions, ophfhalmodynamometric systolic pressure and retinal vascular changes was then analyzed and prognostic and therapeutic implications were discussed.
Methods

Patient Selection
During the 25 year period from May 1957 to May 1982, a total of 92 Japanese patients with Takayasu's disease were admitted to The Third Department of Internal Medicine, Kyoto University where the diag nosis of the disease was established. In 81 of the 92, supravalvular and abdominal aortography, ophthalmo dynamometry and fundoscopy were performed. The present report concerns these 81 patients, including 8 men. All patients had narrowing or occlusion in some region of the aorta and/or its main branches. According to the location of arterial lesions, three types in the disease were anatomically defined, namely, aortic arch type, descending aorta type and extensive type which means combined aortic arch and descending aorta type.
2 -I2 ' 13 In the present series, 28 (35%) be longed to the aortic arch type, 51 (63%) to the exten sive type combined aortic arch and descending aorta type, and 2 (2%) to the descending aorta type. The average age at the time of onset of symptoms of Ta kayasu's disease and at the time of the established diagnosis was 22.1 ± 7.2 (SD) and 31.4 ± 10.4 years, respectively. Each patient was prospectively followed up for observation periods ranging from one month to 18.3 years after the diagnosis, the average being 7.1 ± 4.9 (SD) years.
Expression of Cervical Arterial Stenoses
The four courses from the arch of the aorta to the bifurcations of bilateral common carotid arteries and to the distal segments (near the level of the 2nd or 3rd cervial vertebra) of bilateral vertebral arteries were defined as the four cervical arterial systems (4CAS), in the present series. These 4 systems were examined by serial aortography. Grading of stenosis of each cervi cal arterial system was based on the aortograms and was expressed as a percentage reduction of the original luminal diameter, assessed on the basis of the immedi ate proximal or distal uninvolved segment. In case of no adjacent normal segment, we used the average di ameter of the corresponding segments of normal an giograms in 10 women undergoing aortography for diseases other than Takayasu's disease. There was no significant difference in the average age between 81 patients in this series and 10 control patients whose average age was 30.2 ± 12.7 (SD) years (t-test). To express the grade in stenosis in one arterial system, the narrowest point was selected. For example, in case of a 70% stenosis at the proximal portion of the left subcla vian artery and no stenosis of the ipsilateral vertebral artery, the flow is theoretically affected in the left vertebral artery, 14 and in our study, such is defined as the left vertebral system with a 70% stenosis.
Patient Classification
The 81 patients were separated into three classes according to the degree and extent of stenosis in the 4C AS at the time when the diagnosis of the disease was established.
Class I included 63 patients (78%), 70% or greater stenosis in less than 3 cervical arterial systems. Of the 63, 33 had no systemic hypertension (Class la).
Class II included 6 patients (7%), 70% or greater stenosis in 3 vessel systems and less than 50% stenosis in the remaining one. Of the 6, 5 had no systemic hypertension (Class Ha).
Class III included 12 patients (15%), 70% or greater stenosis in 3 vessel systems and 50% or greater steno sis in one system. Systemic hypertension was evident in 5 patients. The criteria for evaluation of systemic blood pressure were as previously reported. 10 
Ophthalmodynamometry
Retinal arterial pressure was measured using a Miiller's ophthalmodynamometer, according to Bailliart's method. 15 The values in grams of pressure ap plied to the sclera were converted into mm Hg by reference to the conversion table for the dynamometer, taking into consideration the intraocular pressure mea sured with a Schiotz tonometer. To facilitate analysis of the relationship between retinal arterial pressure and other parameters, we made use of a higher value in systolic pressure of the retinal artery in both eyes, measured with the patient in the supine position. Most patients in this series showed no significant difference in bilateral retinal arterial pressure. Ocular fundi of all patients in this series were examined by each one of two ophthalmologists (M.U. and K.A.), who also measured retinal arterial pressure.
Statistical comparisons were made using the one way analysis of variance 16 ( fig. 1 ) and the chi-square method with Yates correction for continuity (table 1). There was a 20% or greater difference in retinal arterial systolic and/or diastolic pressure between both eyes, in only 2/8 patients with an unilateral normal common carotid system and the contralateral with 80% or greater stenosis. Of 30 patients with bilateral normal common carotid systems in this series, there were 3 with the above pressure differences between both eyes.
Results
Cervical
Cervical Arterial Stenoses and Retinal Vascular Changes
In all but one patient in class III there was evidence of microaneurysms ( fig. 2 ) and/or arteriovenous anas tomoses in the retinal vessels while in combined classes I and II these severe retinal vascular changes were not observed except in one patient with values lower than 40 mm Hg of RASP (table 1) . There was no significant difference in incidence of dilatations of re tinal small vessels between patients in classes la and Ila. In 79/81 patients, there was no significant differ ence in the severity of retinal vascular changes be tween both eyes.
Cervical Arterial Stenoses and Clinical Course
Age distribution, length of follow-up, occurrence of major severe events attributed to Takayasu's disease, before and after the diagnosis, and major treatments except for symptomatic therapy in the 81 patients in classes I, II and III are presented in table 2. There were differences in the character of the events among the three classes. In class III, 6 patients (50%) experienced cerebral infarction and/or blindness during the period before or after the diagnosis, including 2 patients who died. These events did not occur in any patient in class II and in only 2 patients (3%) in class I. In class la, only one exceptional patient in whom the aortic arch vessels were most severely affected had lower values than 40 mm Hg in RASP and retinal microaneurysms. In this patient, intrapartum cerebral hemorrhage oc curred after improvement in the retinal arterial pres sure and the ocular fundi. During the follow-up period, 3 patients (25%) in class III obviously improved with an elevation of RASP to over 40 mm Hg, subsidence of syncopal attack and/or blurred vision and subsequent disappearance of arteriovenous anastomoses or mi croaneurysms in the retinal vessels. These subjective symptoms subsided in 5/6 patients in class II and the remaining one was asymptomatic through the period before and after the diagnosis until she died at age 70 with uterine cervix carcinoma.
The results at the time of the established diagnosis in 18 patients in classes III and II are summarized in table 3. In class I, and combined classes II and III, 15 pa tients (25%) of the 61 and 13 (72%) of the 18 belonged to the aortic arch type, and the remaining 46 (75%) and 5 (28%) to the extensive type, respectively. Incidence of the extensive type in combined classes II and III patients was significantly lower than that in class I patients (p < 0.005, chi-square method). In this series, patients who had the 3 cervical arterial systems with 70% or greater diameter stenosis or oc clusion were divided into classes II and III, according to the degree of stenosis, with or without 50% or great er value in the remaining one system. This classifica tion was useful in that a highly significant difference in RASP between classes Ha and III became apparent (p < 0.001, fig. 1 ). The data may assist in evaluating the 4 cervical arterial stenoses which relate to a significant lowering of RASP in Takayasu by guest on May 29, 2017 http://stroke.ahajournals.org/ Such a potential compensatory adaptability in this disease may be attributed not only to the chronicity of the disease but also to the onset, at a young age. It seems that the bilaterality of the re duced retinal arterial pressure associated with the se vere hypoxic retinopathy in this disease differs from a higher incidence of the unilaterality of the lowered retinal arterial pressure in a more aged patient with an acute stroke.
2 ' This bilaterality is unlike the unilateral ity of microaneurysms in a patient with ipsilateral ath eromatous obstruction of the internal carotid artery. 22 There have been many reports concerning the critical stenosis of a single vessel in humans [23] [24] [25] and in labora tory animals, [26] [27] [28] including the effects of the length of the critical stenosis. [25] [26] [27] [28] However, quantitative assess ments of the integrated critical and pre-critical lesions of the affected 4CAS in combination with developed collateral vessels remain to be determined.
Concerning medical versus surgical treatment for the severely affected 4CAS in Takayasu's disease, there are no established data. In patients in class II, death has not been attributed to this disease and there were no severe complications during the follow-up period (table 2) . In addition, there were no restrictions in daily life. Medical treatment consisted mainly of corticosteroid therapy for patients with the inflamma tory active stage of the disease. One patient had a successful vaginal delivery after the diagnosis of Ta kayasu's disease had been made. Therefore, these pa tients in class II may be good candidates for medical treatment rather than reconstructive surgery of the af fected aortic arch vessels, as are patients in class I.
In patients in class III, the prognosis for life span and/or the eyes was not always good, despite medical treatment. In one patient, retinal bleeding occurred after a bypass graft and a subsequent occlusion of the graft led to bilateral blindness. Although Kimoto 29 re ported successful operative results in 18 patients with severe or moderate lesions in the 4CAS in this disease, 3/18 operative deaths occurred and were attributed to intracerebral and subarachnoidal bleeding after the re construction of the aortic arch vessels. In one patient, retinal bleeding led to unilateral blindness. Kusaba et al. 30 reported that one patient with this disease who had microaneurysms in both eyes died of massive frontal hemorrhage 5 days after the reconstruction of bilateral common carotid arteries. Thus, intracranial hemor rhage following cervical arterial reconstruction occurs not only in patients with acute strokes 31, 32 but also in patients with severely affected aortic arch vessels in Takayasu's disease, despite no evidence of fresh cere bral infarction. It may be difficult to determine whether a cervical arterial reconstruction should be done for patients in class III, although surgery for cerebral isch emia is indicated in a limited number of cases. 33 In Takayasu's disease, retinal arterial pressure and retinal vascular changes, particularly the former, re sponded well to the very severe occlusive lesions of all four cervical arterial systems, independently of a de velopment of collateral circulation in the neck region. These lesions do however, lead to a poor prognosis for life span and/or the eyes, regardless of the treatment. In this chronic disease, many patients have normal ocular fundi and a normal retinal arterial pressure, despite considerably severe lesions of the aortic arch vessels. Angiography is at present the most sensitive procedure to evaluate functional reserve capacity of the affected four vessels, including the developed col laterals, in transient ischemic attacks, 34 carotid artery disease, 35 and particularly in this gradually progressive disease in the younger generation.
